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1 .This document has been translated by computer. So the translation may 

not reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process chamber which cleans the deposit which contained 
the semi-conductor wafer inside, and etched the thin film deposited on 
this semi-conductor wafer using the plasma, or adhered to the interior 
using the plasma, The exhaust pipe which exhausts the gas in this process 
chamber, and the particle monitor which measures the particle number 
which it is prepared in this exhaust pipe and generated at the time of the 
above-mentioned plasma etching or plasma cleaning, Semiconductor 
fabrication machines and equipment equipped with the terminal point 
detection control unit which the particle number which this particle monitor 
measures is observed [ control unit ] by time series, and the terminal point 
of the above-mentioned plasma etching or plasma cleaning is detected 
[ control unit ], and terminates the above-mentioned plasma etching or 
plasma cleaning. 

[Claim 2] Semiconductor fabrication machines and equipment according 
to claim 1 characterized by preparing the latching valve which intercepts 
between the above-mentioned process chamber and the above- 
mentioned particle monitors to the exhaust pipe between a process 
chamber and a particle monitor. 

[Claim 3] Semiconductor fabrication machines and equipment according 
to claim 2 characterized by using a gate valve or a ball valve as a latching 
valve. 

[Claim 4] The process chamber which cleans the deposit which contained 
the semi-conductor wafer inside, and etched the thin film deposited on 
this semi-conductor wafer using the plasma, or adhered to the interior 
using the plasma, The exhaust pipe which exhausts the gas in this process 



chamber, and the particle monitor which measures the particle number 
which it is prepared in this exhaust pipe and generated at the time of the 
above-mentioned plasma etching or plasma cleaning, Observe the particle 
number which this particle monitor measures by time series, and the 
terminal point of the above-mentioned plasma etching or plasma cleaning 
is detected. They are semiconductor fabrication machines and equipment 
equipped with the terminal point detection control unit which terminates the 
above-mentioned plasma etching or plasma cleaning. Semiconductor 
fabrication machines and equipment equipped with the signal processor 
which forms two or more exhaust pipes in the above-mentioned process 
chamber, installs a particle monitor in each exhaust pipe, and computes a 
raising dust location based on the raising dust time-of-day detecting 
signal from two or more above-mentioned particle monitors. 
[Claim 5] Raising dust evaluation equipment equipped with the member 
which has the magnetism which carried out blasting processing of the front 
face using the abrasive of a predetermined particle size, and the member 
deformation means to which this member is made to deform into and 
residual abrasive is made to emit. 

[Claim 6] Raising dust evaluation equipment according to claim 5 
characterized by constituting from susceptor which supports the stainless 
plate which uses stainless steel for the ingredient of the member which has 
the magnetism which carried out blasting processing of the front face, and 
has magnetism for a member deformation means in the shape of a 
cantilever, and an electromagnet the free end of a stainless plate is made 
[ electromagnet ] to attract and repel [ electromagnet ]. 
[Claim 7] The raising dust evaluation approach characterized by 
proofreading the flying speed of a particle by installing at least one raising 
dust evaluation equipment according to claim 5 or 6 in the process 
chamber of semiconductor fabrication machines and equipment given [ of 
claim 1 to the claims 4 ] in any 1 term, operating this raising dust 
evaluation equipment in a vacuum or a predetermined process gas ambient 
atmosphere, generating many particles, and detecting these particles with 
a particle monitor. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to raising dust evaluation 
equipment and the raising dust evaluation approach at a semiconductor- 
fabrication-machines-and-equipment list. 



PRIOR ART 



[Description of the Prior Art] CVD (Chemical Vapor Deposition) The 
tungsten (W) which formed membranes by law is used as wiring film of 
semiconductor integrated circuit equipment in order to show the 
outstanding step coverage nature. Drawing 8 is the cross-section block 
diagram showing typically the conventional tungsten CVD system shown in 
JP,6-188193,A. In drawing, the wafer with which 1 consists of semi- 
conductors, such as silicon, the susceptor which 2 lays a wafer 1 and is 
supported, and 3 are a shadow ring for masking the wafer 1 periphery 
section and forming the section non-formed membranes at the time of 
membrane formation, while sticking a wafer 1 to a susceptor 2. The spare 
room prepared in order to deliver a wafer 1 , without 4 not breaking a 
membrane formation chamber between the membrane formation chamber 
4 and the exterior, but 5 breaking a vacuum, The wafer carrier-robot arm 
to which 6 delivers a wafer 1 between the membrane formation chamber 4 
and the exterior, The porous nozzle head to which 7 introduces gas in the 
membrane formation chamber 4 and by which many holes were formed in 
the front face, The gas supply system to which 8 supplies gas to the 
porous nozzle head 7, the wafer cassette whose conveyance 9 contained 
the wafer 1 of predetermined number of sheets, and was enabled, the 
lamp with which 10 heats a susceptor 2, and 1 1 are the lamp windows 
established in the wall of the membrane formation chamber 4 between a 
lamp 10 and a susceptor 2. 

[0003] The exhaust pipe with which 12 exhausts the gas in the membrane 
formation chamber 4 out of equipment, the end point detector with which 



13 detects the end point (terminal point) of plasma cleaning, the aperture 
by which 14 was formed in the wall equipped with the end point detector 
13 of the membrane formation chamber 4, and 15 are particle monitors, 
and consist of laser radiation system 15a, detector 15b, and apertures 15c 
and 15d. 16 is the slit bulb which it is prepared in order to maintain the 
airtightness between the membrane formation chamber 4 and a spare 
room 5, and can be opened at the time of taking-out close [ of a wafer 
1 ]. 33 is a terminal point detection control unit which outputs the control 
signal which controls termination of plasma cleaning based on the end 
point detecting signal of the plasma cleaning which the end point detector 
13 detects. 

[0004] Next, actuation is explained. After opening the slit bulb 16 after 
equipping a spare room 5 with the wafer cassette 9 and intercepting a 
spare room 5 from the open air, and making a spare room 5 and the 
membrane formation chamber 4 into this atmospheric pressure, a wafer 1 
is laid on the one-sheet ejection susceptor 2 from the wafer cassette 9 
using the wafer carrier-robot arm 6. Subsequently, a susceptor 2 is raised 
and the shadow ring 3 is made to put on the periphery section of a wafer 1 . 
Since the temperature up of the susceptor 2 is beforehand carried out by 
the radiant heat of a lamp 10, the wafer 1 laid on the susceptor 2 reaches 
predetermined temperature promptly by heat conduction from a susceptor 
2. Reactant gas is sprayed on wafer 1 front face from the porous nozzle 
head 7 in this condition, and a tungsten thin film is formed. As reactant 
gas, the mixed gas of 6 mono-silane (SiH4) and tungsten fluoride (WF6) is 
used. After membrane formation of the tungsten thin film of predetermined 
thickness is completed on wafer 1 front face, a series of processings are 
completed by removing a wafer 1 from a susceptor 2 and returning it to a 
spare room 5 using the wafer carrier-robot arm 6. 

[0005] With the conventional tungsten CVD system shown in drawing 8 , it 
is WF6 also in the front face of a part with high temperature among the 
configuration members of equipments, such as the shadow ring 3, and a 
side face of a susceptor 2, a wall of the membrane formation chamber 4, 
in addition to wafer 1 . Gas pyrolyzes and the tungsten film adheres. In 
order to remove this tungsten film, plasma cleaning is usually performed. 
Plasma cleaning is NF3 in the membrane formation chamber 4 immediately 
after processing one wafer 1 . Gas is introduced, the plasma is generated, 



and the tungsten film which adhered to the configuration member of 
equipment by this plasma is etched and removed. It lets the porous nozzle 
head 7 pass, and, specifically, is NF3 in the membrane formation chamber 
4. Gas is introduced, high-frequency voltage is impressed between the 
porous nozzle head 7 and a susceptor 2, and the plasma is generated. It is 
NF3 by this plasma discharge. Gas is decomposed, F radical (active 
species) is formed, and the tungsten film is etched, when this F radical 
reacts with a tungsten and generates an volatile tungsten fluoride. The 
generated tungsten fluoride is discharged out of the membrane formation 
chamber 4 through an exhaust pipe 12. 

[0006] Moreover, in the tungsten CVD system shown in drawing 8 , it 
originates in fluctuation of process conditions and process gas starts 
unexpected vapor growth, a minute particle occurs, or it originates in poor 
plasma cleaning, peeling of the tungsten film occurs, and a minute particle 
occurs in equipment. If these minute particles adhere to a wafer 1 , the 
integrated circuit device under manufacture will be made to cause 
abnormalities of operation, and it will become the cause of a yield fall. In 
order to detect generating of the minute particle within equipment promptly 
and to stop generating of a poor product to the minimum, the particle 
monitor 15 is used. Since the particle monitor 15 can detect the minute 
particle which rides the flow of process gas and passes through the inside 
of an exhaust pipe 12, it can know that the minute particle occurred within 
equipment. When the particle monitor 15 detects a minute particle and the 
raising dust within equipment is discovered by that cause, product 
processing is stopped immediately, atmospheric-air disconnection of the 
membrane formation chamber 4 is carried out, wet screening of the interior 
is carried out, and the source of raising dust in equipment is removed. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Although terminal point 
detection of plasma cleaning was performed by detecting change of 
luminescence of F radical in the plasma using the end point detector 13 
since the conventional semiconductor fabrication machines and equipment 
were constituted as mentioned above If the processing number of sheets 



of a wafer 1 increases, in order that the thickness of the tungsten 
deposited on the aperture 14 of the end point detector 13 may increase, 
an aperture 14 may bloom cloudy and luminescence from the plasma may 
not fully carry out incidence to the end point detector 13, The technical 
problem that poor detection of an end point arose occurred. 
[0008] Moreover, when the processing number of sheets of a wafer 1 
increased about the particle monitor 15, the thickness of the tungsten 
deposited on Apertures 15c and 15d increased, the aperture bloomed 
cloudy, the laser beam reinforcement irradiated by the minute particle 
which passes through the inside of an exhaust pipe 12 from laser radiation 
system 15a falls, or the technical problem that the detection ratio of the 
scattered light from a minute particle fell occurred. 
[0009] Furthermore, since the particle monitor 15 is brought as much as 
possible close to the membrane formation chamber 4 and is installed in 
order to raise the detection precision of a minute particle with conventional 
equipment, when the apertures 15c and 15d of the particle monitor 15 
bloom cloudy, operation of equipment is suspended, atmospheric-air 
disconnection must be carried out and the membrane formation chamber 4 
must be cleaned. Therefore, since membrane formation processing was 
not completed during cleaning, the technical problem that the operating 
ratio of equipment fell occurred. 

[0010] Furthermore, it was difficult to only detect that the particle monitor 
15 had raising dust within equipment, and to pinpoint a raising dust part. 
Since the direction of the location gap could not be specified even when 
the location gap of the conveyance way of a wafer 1 had occurred since 
the information in which part in equipment raising dust occurred was not 
specifically able to be acquired for example, the technical problem that a 
cure was not taken occurred. 

[001 1] Furthermore, since proofreading of the detection precision of the 
particle monitor 15 was usually performed using the standard particle 
generation source in the atmospheric-pressure condition and the refractive 
index etc. differed from the inside of the vacuum which actually uses the 
particle monitor 15, or low-pressure process gas, the technical problem 
that proofreading of the detection precision of the particle monitor 15 in a 
real service condition could not be performed occurred. 
[0012] It aims at this invention having been made in order to solve the 



above technical problems, and etching and end point detection of plasma 
cleaning being stabilized over a long period of time, and acquiring raising 
dust evaluation equipment and the raising dust evaluation approach in a 
possible semiconductor-fabrication-machines-and-equipment list. 



MEANS 



[Means for Solving the Problem] The semiconductor fabrication machines 
and equipment concerning invention according to claim 1 are the etching 
system which etches the thin film which was equipped with the process 
chamber, contained the semi-conductor wafer to that interior, and was 
deposited on this semi-conductor wafer using the plasma, or membrane 
formation equipment which makes a thin film deposit on a semi-conductor 
wafer. In the case of an etching system, a plasma-etching process is 
applicable, and, in the case of membrane formation equipment, the plasma 
cleaning which cleans the deposit adhering to the interior of a process 
chamber using the plasma is applicable. In this invention, the particle 
number which the particle monitor formed in the exhaust pipe which 
exhausts the gas in a process chamber generates at the time of plasma 
etching or plasma cleaning is measured, this measurement value is 
observed by time series with a terminal point detection control device, the 
terminal point of plasma etching or plasma cleaning is detected, and 
plasma etching or plasma cleaning is terminated. 
[0014] The semiconductor fabrication machines and equipment 
concerning invention according to claim 2 prepare the latching valve which 
intercepts between these process chamber and particle monitors to the 
exhaust pipe between a process chamber and a particle monitor. 
[0015] A gate valve or a ball valve is used for the semiconductor 
fabrication machines and equipment concerning invention according to 
claim 3 as a latching valve. 

[0016] The semiconductor fabrication machines and equipment 
concerning invention according to claim 4 use that basic configuration as 
semiconductor fabrication machines and equipment according to claim 1 
in common, form two or more exhaust pipes in a process chamber, install 
a particle monitor in each exhaust pipe, and are equipped with the signal 



processor which computes a raising dust location based on the raising 
dust time-of-day detecting signal from two or more of these particle 
monitors. 

[0017] The raising dust evaluation equipment concerning invention 
according to claim 5 is equipped with the member which has the 
magnetism which carried out blasting processing of the front face using 
the abrasive of a predetermined particle size, and the member deformation 
means to which this member is made to deform into and residual abrasive 
is made to emit. 

[0018] The raising dust evaluation equipment concerning invention 
according to claim 6 uses stainless steel for the ingredient of the member 
which has the magnetism which carried out blasting processing of the front 
face, and consists of susceptor which supports the stainless plate which 
has magnetism for a member deformation means in the shape of a 
cantilever, and an electromagnet the free end of a stainless plate is made 
[ electromagnet ] to attract and repel [ electromagnet ]. 
[0019] The raising dust evaluation approach concerning invention 
according to claim 7 in the process chamber of the semiconductor 
fabrication machines and equipment concerning invention given [ of claim 
1 to the claims 4 ] in any 1 term At least one raising dust evaluation 
equipment concerning invention according to claim 5 or 6 is installed. The 
flying speed of a particle is proofread by operating this raising dust 
evaluation equipment in a vacuum or a predetermined process gas ambient 
atmosphere, generating many particles, and detecting these particles with 
a particle monitor. 
[0020] 

[Embodiment of the Invention] Hereafter, one gestalt of implementation of 
this invention is explained. 

Gestalt 1 . drawing 1 of operation is drawing showing the semiconductor 
fabrication machines and equipment by the gestalt 1 of implementation of 
this invention, and shows the example which applied this invention to the 
CVD system. In drawing, the wafer with which 1 consists of semi- 
conductors, such as silicon, the susceptor which 2 lays a wafer 1 and is 
supported, and 3 are a shadow ring for masking the periphery section of a 
wafer 1 and forming the section non-formed membranes at the time of 
membrane formation, while sticking a wafer 1 to a susceptor 2. In order to 



deliver a wafer 1, without 4 not breaking a membrane formation chamber 
(process chamber) between the membrane formation chamber 4 and the 
exterior, but 5 breaking a vacuum, the prepared spare room, the wafer 
carrier-robot arm to which 6 delivers a wafer 1 between the membrane 
formation chamber 4 and the exterior, and 7 are porous nozzle heads 
which introduce gas in the membrane formation chamber 4 and by which 
many holes were formed in the front face, and spray reactant gas all over a 
wafer 1 . 

[0021 ] The gas supply system to which 8 supplies gas from the source of 
gas supply (not shown) to the porous nozzle head 7, The wafer cassette 
whose conveyance 9 contains the wafer 1 of predetermined number of 
sheets, and is enabled, A lamp for 10 to heat a susceptor 2, the lamp 
window where 1 1 was prepared in the wall of the membrane formation 
chamber 4 between a lamp 10 and a susceptor 2, The exhaust pipe with 
which 12 exhausts the gas in the membrane formation chamber 4 out of 
equipment, the end point detector with which 13 detects the termination 
time of membrane formation, The aperture by which 14 was formed in the 
wall of the membrane formation chamber 4 equipped with the end point 
detector 13, and 15 are particle monitors, and consist of laser radiation 
system 15a, detector 15b, and apertures 15c and 15d. 16 is the slit bulb 
which it is prepared in order to maintain the airtightness between the 
membrane formation chamber 4 and a spare room 5, and can be opened 
at the time of taking-out close [ of a wafer 1 ]. 31 is a terminal point 
detection control unit which outputs a control signal to each part of 
equipment based on a detection result while it inputs the minute particle 
number-of-counts signal which the particle monitor 15 outputs and 
detects the end point of plasma cleaning. 

[0022] Next, actuation is explained. After equipping a spare room 5 with 
the wafer cassette 9 first and intercepting a spare room 5 from the open 
air, the slit bulb 16 is opened and a spare room 5 and the membrane 
formation chamber 4 are made into this atmospheric pressure. The inside 
of the membrane formation chamber 4 is exhausted to the pressure of 
10mTorr(s) (about 1Pa) extent using the evacuation equipment which is not 
illustrated, for example, a mechanical booster pump. Subsequently, after 
laying a wafer 1 on the one-sheet ejection susceptor 2 from the wafer 
cassette 9 using the wafer carrier-robot arm 6, a susceptor 2 is raised and 



the shadow ring 3 is made to put on the periphery section of a wafer 1 . 
Since the temperature up of the susceptor 2 is beforehand carried out by 
the radiant heat of a lamp 10, the wafer 1 laid on the susceptor 2 reaches 
predetermined temperature (400-degreeC thru/or 500-degreeC) promptly 
by heat conduction from a susceptor 2. Reactant gas is sprayed on wafer 
1 front face from the porous nozzle head 7 in this condition, and a 
tungsten thin film is deposited. 

[0023] It explains using the example which makes up for the contact hole 
formed on the wafer 1 in the example of a tungsten membrane formation 
process with a tungsten (W). the gas which mixed mono-silane (SiH4) gas 
and 6 fluoride [ tungsten ] (WF6) gas by the ratio of 1 :3 in order to form 
the nucleus of a tungsten (W) on a wafer 1 first — carrier gas — an argon 
(Ar) — using — a wafer 1 top — for 30 seconds — or it supplies for 100 
seconds, next, the gas which 1 :5 came out of the gas, for example, 6 
fluoride [ tungsten ] (WF6) gas, and hydrogen (H2) of good conditions of 
step coverage (step coverage nature) comparatively, and was mixed — a 
wafer 1 top — for 50 seconds — or it supplies for 200 seconds. The good 
tungsten film of stopgap nature accumulates on the thickness which is 
about 0.5-1.0 micrometers according to this process. After membrane 
formation termination, using the wafer carrier-robot arm 6, a wafer 1 is 
removed from a susceptor 2 and returned to a spare room 5. A series of 
(Tungsten W) membrane formation processes by the above are completed. 
[0024] In order that WF6 gas may pyrolyze [ with the tungsten CVD system 
concerning the gestalt 1 of this operation mentioned above ] also on the 
front face of a part with high temperature like conventional equipment 
among the configuration members of equipments, such as a front face of 
the shadow ring 3, a side face of a susceptor 2, and a wall of the 
membrane formation chamber 4, in addition to wafer 1 front face, the 
tungsten film accumulates there. If the tungsten film has accumulated on 
these members, since it is inconvenient to execution of the following 
tungsten membrane formation process, it is necessary to remove. 
Therefore, plasma cleaning is usually performed. 

[0025] Plasma cleaning introduces 3 nitrogen-fluoride (NF3) gas in the 
membrane formation chamber 4 immediately after processing one wafer 1 , 
generates the plasma, and etches and removes the tungsten film 
deposited on the configuration member front face of equipment by this 



plasma. It specifically lets the porous nozzle head 7 pass, and is NF3 in 
the membrane formation chamber 4. Gas is introduced, high-frequency 
voltage is impressed between the porous nozzle head 7 and a susceptor 2, 
and the plasma is generated. It is NF3 by this plasma discharge. Gas is 
decomposed, F radical (active species) is formed, and the tungsten film is 
etched, when this F radical reacts with a tungsten and generates an 
volatile tungsten fluoride. The generated tungsten fluoride is discharged 
out of the membrane formation chamber 4 through an exhaust pipe 12. 
[0026] With the gestalt 1 of this operation, detection of the end point of 
plasma cleaning is performed, when the terminal point detection control 
unit 31 observes serially the counted value of the minute particle which the 
particle monitor 15 counts. Drawing 2 is the graphical representation 
showing the example of observation of the number of counts of the minute 
particle which used and measured the particle monitor 15 at the time of 
plasma cleaning. In drawing, the elapsed time (second unit) and the axis 
of ordinate to which an axis of abscissa makes the starting point the time 
of the raising dust of a tungsten being observed are the minute particle 
number of counts (arbitration unit) in the particle monitor 15. Since the 
minute particle of a tungsten occurs with an volatile tungsten fluoride while 
the tungsten film remains to the wall and configuration member of the 
membrane formation chamber 4 in early stages of plasma cleaning so that 
drawing 2 may show, the raising dust of a tungsten is observed. The 
amount of raising dust of a tungsten increases from immediately after 
initiation of plasma cleaning, after it attaches a peak after a certain time 
amount progress, it starts to decrease, and it is no longer observed at all 
at a certain time. This is because generating (raising dust of a tungsten) of 
a tungsten minute particle is lost, when the tungsten film deposited on the 
wall of the membrane formation chamber 4 etc. is removed completely. 
[0027] If plasma cleaning is furthermore continued, the component of the 
membrane formation chamber 4, for example, the minute particle of 
alumina ceramics, will occur (raising dust of an alumina). With the gestalt 1 
of this operation, time amount change of the amount of raising dust under 
plasma cleaning which the terminal point detection control device 31 
counted with the particle monitor 15 is observed, and the time (from 
raising dust initiation to after [ The example of drawing 1 ] the progress 
during 30 seconds) of the first raising dust being lost, at i.e., the time of 



generating (raising dust of a tungsten) of the minute particle of a tungsten 
being lost, is judged as an end point. If an end point is judged, the 
terminal point detection control unit 31 will output a control signal, and will 
terminate plasma cleaning. 

[0028] With the gestalt 1 of this operation, the number of counts of the 
minute particle which the particle monitor 15 measures is used for 
detection of the end point of plasma cleaning. Thereby, the following 
advantage is acquired. That is, since the particle monitor 15 is attached in 
the exhaust pipe 12 located in the location distant from the exoergic 
sections, such as a susceptor 2, a temperature rise is small and Apertures 
15c and 15d cannot bloom cloudy easily. Since the particle monitor 15 
always operates normally as a result, the end point of plasma cleaning is 
correctly detectable. Therefore, while being stabilized over a long period of 
time, becoming detectable [ the end point of plasma cleaning ] and being 
able to lengthen the maintenance period of equipment, the operating ratio 
of equipment can be raised. 

[0029] In addition, although the gestalt 1 of operation mentioned above 
showed the example which applied this invention to the plasma cleaning in 
a tungsten CVD system, not only this but this invention is applicable to the 
process unit at large which is made to generate the plasma and performs 
etching and cleaning. For example, it is applicable to the membrane 
formation equipment of silicon oxide, a silicon nitride, the polish recon film, 
the tungsten silicide film, the aluminum film, and the tungsten film, or the 
plasma etching system of these film. 

[0030] Gestalt 2. drawing 3 of operation is drawing showing the 
semiconductor fabrication machines and equipment by the gestalt 2 of 
implementation of this invention, and shows other examples which applied 
this invention to the CVD system. In drawing A wafer 1, a susceptor 2, the 
shadow ring 3, the membrane formation chamber 4, a spare room 5, the 
wafer carrier-robot arm 6, the porous nozzle head 7, a gas supply system 
8, the wafer cassette 9, a lamp 10, the lamp window 1 1, an exhaust pipe 
12, the end point detector 13, an aperture 14, Since the particle monitor 15, 
laser radiation system 15a, detector 15b, Apertures 15c and 15d, the slit 
bulb 16, and the terminal point detection control unit 31 are the same as 
the equipment of the gestalt 1 of the above-mentioned implementation 
shown in drawing 1 , the explanation is omitted. 



[0031 ] In addition to the equipment shown in drawing 1 , the tungsten 
CVD system concerning the gestalt 2 of this operation forms a latching 
valve 17 in an exhaust pipe 12. This latching valve 17 is formed between 
the membrane formation chamber 4 and the particle monitor 15, and it acts 
so that vacuum separation of the membrane formation chamber 4 and the 
particle monitor 15 may be carried out. Since the valve of the structure 
which does not bar passing of the minute particle which flies the inside of 
an exhaust pipe 12 from the membrane formation chamber 4 as a latching 
valve 17 is desirable, a gate valve and a ball valve are used, for example. 
[0032] Next, actuation is explained. Although the apertures 15c and 15d of 
the particle monitor 15 cannot bloom cloudy easily, in order to maintain 
equipment at the optimal condition, it is necessary to clean these apertures 
15c and 15d periodically. By closing a latching valve 17, cleaning of the 
apertures 15c and 15d of the particle monitor 15 is performed, where it 
separated the membrane formation chamber 4 and the particle monitor 15 
and the membrane formation chamber 4 is maintained at a vacuum. 
Thereby, since it is not exposed to atmospheric air, after cleaning of the 
apertures 15c and 15d of the particle monitor 15 is completed, the inside 
of the membrane formation chamber 4 can resume a latching valve 17, and 
can continue membrane formation processing of a tungsten promptly. 
Moreover, in case it maintains by carrying out atmospheric-air 
disconnection of the membrane formation chamber 4, when there is little 
apertures [ of the particle monitor 15 / 15c and 15d ] dirt, a latching valve 
17 is closed and evacuation of the particle monitor 15 is carried out. By 
this actuation, since oxidization of an Apertures [ 15c and 15d ] affix can 
be controlled, it is not necessary to clean the apertures 15c and 15d of the 
particle monitor 15 at the time of the maintenance of the membrane 
formation chamber 4. 

[0033] As mentioned above, according to the gestalt 2 of this operation, 
since the latching valve 17 was formed between the membrane formation 
chamber 4 and the particle monitor 15, it becomes possible to maintain the 
inside of the membrane formation chamber 4 at a vacuum during the 
maintenance of the particle monitor 15. Since it becomes possible to, start 
the equipment after maintenance termination immediately as a result, 
decline in the operating ratio of the equipment accompanying the 
maintenance of the particle monitor 15 can be stopped to the minimum. 



Moreover, since the cleaning frequency of equipment can be made low, 
the operating ratio of equipment can be raised. 

[0034] Gestalt 3. drawing 4 of operation is the fracture perspective view of 
the principal part of the CVD system by the gestalt 3 of implementation of 
this invention, and is set to drawing. 1 — a wafer and 2 — for a 
membrane formation chamber and 6, although an exhaust pipe, and 15 
and 18 are particle monitors, a susceptor and 3 a shadow ring and 4 [ a 
wafer carrier-robot arm and 1 1 ] [ a lamp window, and 12a and 12b ] 
Since these components are the same as the thing of the equipment 
concerning the gestalt 1 of the above-mentioned implementation shown in 
drawing 1 , detailed explanation is omitted. 

[0035] The CVD system concerning the gestalt 3 of this operation forms 
two or more exhaust pipes 12a and 12b in the membrane formation 
chamber 4, and forms the particle monitors 15 and 18 in each exhaust 
pipes 12a and 12b. Drawing 4 forms two exhaust pipes 12a and 12b in the 
membrane formation chamber 4, and shows the example which formed the 
particle monitors 15 and 18 to each exhaust pipes 12a and 12b. 
Furthermore, the CVD system concerning the gestalt 3 of this operation is 
equipped with the signal processor 21 which computes the location which 
the particle monitors 15 and 18 processed the raising dust signal which 
outputs the value which counted the minute particle number, and the 
raising dust in the membrane formation chamber 4 generated. 
[0036] Next, actuation is explained. If a location gap arises in case a 
wafer 1 is laid on a susceptor 2 using the wafer carrier-robot arm 6, when 
raising a susceptor 2 after that and putting the shadow ring 3 on a wafer 1 , 
a wafer 1 and the shadow ring 3 will wear and carry out raising dust. The 
minute particle which this generates rides the flow of process gas, and is 
exhausted. Since the rate of flow of process gas is fixed, if it sets to v the 
flying speed of the minute particle mentioned above, it can be considered 
that v is almost fixed. Time amount t1 to which the minute particle which a 
wafer 1 and the shadow ring 3 wear for which and generate at the time of 
the rise of a susceptor 2 flies even to two particle monitors 15 and 18 And 
t2 It can ask to be shown in drawing 5 on the basis of the rise time of day 
of a susceptor 2. 

[0037] The detecting signal (a) of the particle monitor 15 shown in 
drawing 5 and the detecting signal (b) of the particle monitor 18 are 



*) 



outputted to a signal processor 21. The signal processor 21 into which a 
detecting signal (a) and (b) were inputted pinpoints a raising dust source 
location by computing the intersection K with the circle C18 of radius t2 v 
centering on the installation location of the particle monitor 15 centering on 
the circle C1 5 of radius t1 v, and the installation location of the particle 
monitor 18, as shown in drawing 6 . If the location K which raising dust 
generates is pinpointed, the control section (not shown) of equipment will 
amend the location where the wafer carrier-robot arm 6 delivers a wafer 1 
so that the raising dust of the ** of a wafer 1 and the shadow ring 3 to 
exceed may not be canceled and carried out. Since a series of raising dust 
dissolution actuation mentioned above can be performed without breaking 
the vacuum of the membrane formation chamber 4, it can raise the 
operating ratio of equipment. 

[0038] As mentioned above, according to the gestalt 3 of this operation, 
two or more particle monitors 15 and 18 and signal processors 21 are used. 
When [ sudden at the time of wafer 1 delivery ] it rubs and raising dust 
occurs, a raising dust location is pinpointed from the difference in the 
raising dust detection time which each particle monitors 15 and 18 detect. 
Since it enabled it to cancel without breaking the vacuum of the membrane 
formation chamber 4 for ** accompanying delivery of a wafer 1 to exceed 
based on it, the operating ratio of equipment can be improved sharply. 
[0039] 102 is the raising dust evaluation equipment which 100 requires 
[ in / gestalt 4. drawing 7 of operation is drawing showing the raising dust 
evaluation equipment by the gestalt 4 of implementation of this invention, 
and / drawing ] for this invention, the stainless plate (member which has 
magnetism) which has the magnetism to which 101 performed blasting 
processing using abrasive, and susceptor which supports the stainless 
plate 101 which has magnetism in the shape of a cantilever. 



EFFECT OF THE INVENTION 



[Effect of the Invention] Plasma etching [ according to invention 
according to claim 1 ] in an etching system, Or the particle number which 
the particle monitor which established the terminal point of the plasma 



cleaning in membrane formation equipment in the exhaust pipe which 
exhausts the gas in a process chamber generates at the time of plasma 
etching or plasma cleaning is measured. Since it constituted so that a 
terminal point detection control unit might observe and detect this 
measurement value by time series While becoming possible to be 
stabilized over a long period of time and to detect the end point of plasma 
cleaning and being able to lengthen the maintenance period of equipment, 
there is effectiveness which raises the operating ratio of equipment. 
[0046] According to invention according to claim 2, it becomes possible 
to maintain the inside of a process chamber at it during the maintenance 
of a particle monitor at a vacuum, since it constituted in the exhaust pipe 
between a process chamber and a particle monitor so that the latching 
valve which intercepts between these process chamber and particle 
monitors might be prepared. Since it becomes possible to, start the 
equipment after maintenance termination immediately as a result, there is 
effectiveness which can stop decline in the operating ratio of the 
equipment accompanying the maintenance of a particle monitor to the 
minimum. 

[0047] Since according to invention according to claim 3 it constituted as 
a latching valve so that a gate valve or a ball valve might be used, there is 
effectiveness which does not bar the flight of the minute particle from a 
process chamber. 

[0048] According to invention according to claim 4, two or more exhaust 
pipes are formed in a process chamber. Since it constituted so that it 
might have the signal processor which installs a particle monitor in each 
exhaust pipe, and computes a raising dust location based on the raising 
dust time-of-day detecting signal from two or more of these particle 
monitors Since it constituted so that a raising dust location might be 
pinpointed from the difference in the raising dust detection time which two 
or more particle monitors detect when [ which was sudden at the time of 
wafer delivery ] it rubbed and raising dust occurred In ** accompanying 
wafer delivery based on the specific result of a raising dust location to 
exceed, since the vacuum of a process chamber can be canceled without 
breaking, it is effective in the operating ratio of equipment improving 
sharply. 

[0049] Since according to invention according to claim 5 it constituted so 



that it might have the member which has the magnetism which carried out 
blasting processing of the front face using the abrasive of a predetermined 
particle size, and the member deformation means to which this member is 
made to deform into and residual abrasive is made to emit, since this 
raising dust evaluation equipment can operate in a vacuum or low- 
pressure process gas, it is under a real operating environment, and it can 
generate the particle of a particle size predetermined to the timing of 
arbitration. Therefore, there is effectiveness which can proofread detection 
precision of a particle monitor in a high precision. 

[0050] Since according to invention according to claim 6 it constituted so 
that it might have the susceptor which supports the stainless plate which 
uses stainless steel for the ingredient of the member which has the 
magnetism which carried out blasting processing of the front face, and has 
magnetism for a member deformation means in the shape of a cantilever, 
and the electromagnet the free end of a stainless plate is made 
[ electromagnet ] to attract and repel [ electromagnet ], it is effective in 
the high raising dust evaluation equipment of practicality being realizable 
with a simple configuration. 

[0051] According to invention according to claim 7, in the process 
chamber of the semiconductor fabrication machines and equipment 
concerning invention given [ of claim 1 to the claims 4 ] in any 1 term At 
least one raising dust evaluation equipment concerning invention 
according to claim 5 or 6 is installed. Since it constituted so that the flying 
speed of a particle might be proofread by operating this raising dust 
evaluation equipment in a vacuum or a predetermined process gas ambient 
atmosphere, generating many particles, and detecting these particles with 
a particle monitor When the flying speed of a minute particle differs from 
the rate of flow of process gas, Since the flying speed of a minute particle 
can be amended by observing the particle which installs raising dust 
evaluation equipment in the location corresponding to the location which it 
rubs and raising dust tends to generate, is operated in pulse, and is 
generated with two or more particle monitors It is effective in raising the 
precision which pinpoints the generating location of the raising dust 
generated suddenly. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to raising dust evaluation 
equipment and the raising dust evaluation approach at a semiconductor- 
fabrication-machines-and-equipment list. 
[0002] 

[Description of the Prior Art] CVD (Chemical Vapor Deposition) The 
tungsten (W) which formed membranes by law is used as wiring film of 
semiconductor integrated circuit equipment in order to show the 
outstanding step coverage nature. Drawing 8 is the cross-section block 
diagram showing typically the conventional tungsten CVD system shown in 
JP,6-188193,A. In drawing, the wafer with which 1 consists of semi- 
conductors, such as silicon, the susceptor which 2 lays a wafer 1 and is 
supported, and 3 are a shadow ring for masking the wafer 1 periphery 
section and forming the section non-formed membranes at the time of 
membrane formation, while sticking a wafer 1 to a susceptor 2. The spare 
room prepared in order to deliver a wafer 1 , without 4 not breaking a 
membrane formation chamber between the membrane formation chamber 
4 and the exterior, but 5 breaking a vacuum, The wafer carrier-robot arm 
to which 6 delivers a wafer 1 between the membrane formation chamber 4 
and the exterior, The porous nozzle head to which 7 introduces gas in the 
membrane formation chamber 4 and by which many holes were formed in 
the front face, The gas supply system to which 8 supplies gas to the 
porous nozzle head 7, the wafer cassette whose conveyance 9 contained 
the wafer 1 of predetermined number of sheets, and was enabled, the 
lamp with which 10 heats a susceptor 2, and 1 1 are the lamp windows 
established in the wall of the membrane formation chamber 4 between a 
lamp 10 and a susceptor 2. 

[0003] The exhaust pipe with which 12 exhausts the gas in the membrane 
formation chamber 4 out of equipment, the end point detector with which 
13 detects the end point (terminal point) of plasma cleaning, the aperture 
by which 14 was formed in the wall equipped with the end point detector 



13 of the membrane formation chamber 4, and 15 are particle monitors, 
and consist of laser radiation system 15a, detector 15b, and apertures 15c 
and 15d. 16 is the slit bulb which it is prepared in order to maintain the 
airtightness between the membrane formation chamber 4 and a spare 
room 5, and can be opened at the time of taking-out close [ of a wafer 
1 ]. 33 is a terminal point detection control unit which outputs the control 
signal which controls termination of plasma cleaning based on the end 
point detecting signal of the plasma cleaning which the end point detector 
13 detects. 

[0004] Next, actuation is explained. After opening the slit bulb 16 after 
equipping a spare room 5 with the wafer cassette 9 and intercepting a 
spare room 5 from the open air, and making a spare room 5 and the 
membrane formation chamber 4 into this atmospheric pressure, a wafer 1 
is laid on the one-sheet ejection susceptor 2 from the wafer cassette 9 
using the wafer carrier-robot arm 6. Subsequently, a susceptor 2 is raised 
and the shadow ring 3 is made to put on the periphery section of a wafer 1 . 
Since the temperature up of the susceptor 2 is beforehand carried out by 
the radiant heat of a lamp 10, the wafer 1 laid on the susceptor 2 reaches 
predetermined temperature promptly by heat conduction from a susceptor 
2. Reactant gas is sprayed on wafer 1 front face from the porous nozzle 
head 7 in this condition, and a tungsten thin film is formed. As reactant 
gas, the mixed gas of 6 mono-silane (SiH4) and tungsten fluoride (WF6) is 
used. After membrane formation of the tungsten thin film of predetermined 
thickness is completed on wafer 1 front face, a series of processings are 
completed by removing a wafer 1 from a susceptor 2 and returning it to a 
spare room 5 using the wafer carrier-robot arm 6. 

[0005] With the conventional tungsten CVD system shown in drawing 8 , it 
is WF6 also in the front face of a part with high temperature among the 
configuration members of equipments, such as the shadow ring 3, and a 
side face of a susceptor 2, a wall of the membrane formation chamber 4, 
in addition to wafer 1 . Gas pyrolyzes and the tungsten film adheres. In 
order to remove this tungsten film, plasma cleaning is usually performed. 
Plasma cleaning is NF3 in the membrane formation chamber 4 immediately 
after processing one wafer 1. Gas is introduced, the plasma is generated, 
and the tungsten film which adhered to the configuration member of 
equipment by this plasma is etched and removed. It lets the porous nozzle 



head 7 pass, and, specifically, is NF3 in the membrane formation chamber 
4. Gas is introduced, high-frequency voltage is impressed between the 
porous nozzle head 7 and a susceptor 2, and the plasma is generated. It is 
NF3 by this plasma discharge. Gas is decomposed, F radical (active 
species) is formed, and the tungsten film is etched, when this F radical 
reacts with a tungsten and generates an volatile tungsten fluoride. The 
generated tungsten fluoride is discharged out of the membrane formation 
chamber 4 through an exhaust pipe 12. 

[0006] Moreover, in the tungsten CVD system shown in drawing 8 , it 
originates in fluctuation of process conditions and process gas starts 
unexpected vapor growth, a minute particle occurs, or it originates in poor 
plasma cleaning, peeling of the tungsten film occurs, and a minute particle 
occurs in equipment. If these minute particles adhere to a wafer 1, the 
integrated circuit device under manufacture will be made to cause 
abnormalities of operation, and it will become the cause of a yield fall. In 
order to detect generating of the minute particle within equipment promptly 
and to stop generating of a poor product to the minimum, the particle 
monitor 15 is used. Since the particle monitor 15 can detect the minute 
particle which rides the flow of process gas and passes through the inside 
of an exhaust pipe 12, it can know that the minute particle occurred within 
equipment. When the particle monitor 15 detects a minute particle and the 
raising dust within equipment is discovered by that cause, product 
processing is stopped immediately, atmospheric-air disconnection of the 
membrane formation chamber 4 is carried out, wet screening of the interior 
is carried out, and the source of raising dust in equipment is removed. 
[0007] 

[Problem(s) to be Solved by the Invention] Although terminal point 
detection of plasma cleaning was performed by detecting change of 
luminescence of F radical in the plasma using the end point detector 13 
since the conventional semiconductor fabrication machines and equipment 
were constituted as mentioned above If the processing number of sheets 
of a wafer 1 increases, in order that the thickness of the tungsten 
deposited on the aperture 14 of the end point detector 13 may increase, 
an aperture 14 may bloom cloudy and luminescence from the plasma may 
not fully carry out incidence to the end point detector 13, The technical 
problem that poor detection of an end point arose occurred. 



[0008] Moreover, when the processing number of sheets of a wafer 1 
increased about the particle monitor 15, the thickness of the tungsten 
deposited on Apertures 15c and 15d increased, the aperture bloomed 
cloudy, the laser beam reinforcement irradiated by the minute particle 
which passes through the inside of an exhaust pipe 12 from laser radiation 
system 15a falls, or the technical problem that the detection ratio of the 
scattered light from a minute particle fell occurred. 
[0009] Furthermore, since the particle monitor 15 is brought as much as 
possible close to the membrane formation chamber 4 and is installed in 
order to raise the detection precision of a minute particle with conventional 
equipment, when the apertures 15c and 15d of the particle monitor 15 
bloom cloudy, operation of equipment is suspended, atmospheric-air 
disconnection must be carried out and the membrane formation chamber 4 
must be cleaned. Therefore, since membrane formation processing was 
not completed during cleaning, the technical problem that the operating 
ratio of equipment fell occurred. 

[0010] Furthermore, it was difficult to only detect that the particle monitor 
15 had raising dust within equipment, and to pinpoint a raising dust part. 
Since the direction of the location gap could not be specified even when 
the location gap of the conveyance way of a wafer 1 had occurred since 
the information in which part in equipment raising dust occurred was not 
specifically able to be acquired for example, the technical problem that a 
cure was not taken occurred. 

[001 1] Furthermore, since proofreading of the detection precision of the 
particle monitor 15 was usually performed using the standard particle 
generation source in the atmospheric-pressure condition and the refractive 
index etc. differed from the inside of the vacuum which actually uses the 
particle monitor 15, or low-pressure process gas, the technical problem 
that proofreading of the detection precision of the particle monitor 15 in a 
real service condition could not be performed occurred. 
[0012] It aims at this invention having been made in order to solve the 
above technical problems, and etching and end point detection of plasma 
cleaning being stabilized over a long period of time, and acquiring raising 
dust evaluation equipment and the raising dust evaluation approach in a 
possible semiconductor-fabrication-machines-and-equipment list. 
[0013] 



[Means for Solving the Problem] The semiconductor fabrication machines 
and equipment concerning invention according to claim 1 are the etching 
system which etches the thin film which was equipped with the process 
chamber, contained the semi-conductor wafer to that interior, and was 
deposited on this semi-conductor wafer using the plasma, or membrane 
formation equipment which makes a thin film deposit on a semi-conductor 
wafer. In the case of an etching system, a plasma-etching process is 
applicable, and, in the case of membrane formation equipment, the plasma 
cleaning which cleans the deposit adhering to the interior of a process 
chamber using the plasma is applicable. In this invention, the particle 
number which the particle monitor formed in the exhaust pipe which 
exhausts the gas in a process chamber generates at the time of plasma 
etching or plasma cleaning is measured, this measurement value is 
observed by time series with a terminal point detection control device, the 
terminal point of plasma etching or plasma cleaning is detected, and 
plasma etching or plasma cleaning is terminated. 
[0014] The semiconductor fabrication machines and equipment 
concerning invention according to claim 2 prepare the latching valve which 
intercepts between these process chamber and particle monitors to the 
exhaust pipe between a process chamber and a particle monitor. 
[0015] A gate valve or a ball valve is used for the semiconductor 
fabrication machines and equipment concerning invention according to 
claim 3 as a latching valve. 

[0016] The semiconductor fabrication machines and equipment 
concerning invention according to claim 4 use that basic configuration as 
semiconductor fabrication machines and equipment according to claim 1 
in common, form two or more exhaust pipes, in a process chamber, install 
a particle monitor in each exhaust pipe, and are equipped with the signal 
processor which computes a raising dust location based on the raising 
dust time-of-day detecting signal from two or more of these particle 
monitors. 

[0017] The raising dust evaluation equipment concerning invention 
according to claim 5 is equipped with the member which has the 
magnetism which carried out blasting processing of the front face using 
the abrasive of a predetermined particle size, and the member deformation 
means to which this member is made to deform into and residual abrasive 



is made to emit. 

[0018] The raising dust evaluation equipment concerning invention 
according to claim 6 uses stainless steel for the ingredient of the member 
which has the magnetism which carried out blasting processing of the front 
face, and consists of susceptor which supports the stainless plate which 
has magnetism for a member deformation means in the shape of a 
cantilever, and an electromagnet the free end of a stainless plate is made 
[ electromagnet ] to attract and repel [ electromagnet ]. 
[0019] The raising dust evaluation approach concerning invention 
according to claim 7 in the process chamber of the semiconductor 
fabrication machines and equipment concerning invention given [ of claim 
1 to the claims 4 ] in any 1 term At least one raising dust evaluation 
equipment concerning invention according to claim 5 or 6 is installed. The 
flying speed of a particle is proofread by operating this raising dust 
evaluation equipment in a vacuum or a predetermined process gas ambient 
atmosphere, generating many particles, and detecting these particles with 
a particle monitor. 
[0020] 

[Embodiment of the Invention] Hereafter, one gestalt of implementation of 
this invention is explained. 

Gestalt 1 . drawing 1 of operation is drawing showing the semiconductor 
fabrication machines and equipment by the gestalt 1 of implementation of 
this invention, and shows the example which applied this invention to the 
CVD system. In drawing, the wafer with which 1 consists of semi- 
conductors, such as silicon, the susceptor which 2 lays a wafer 1 and is 
supported, and 3 are a shadow ring for masking the periphery section of a 
wafer 1 and forming the section non-formed membranes at the time of 
membrane formation, while sticking a wafer 1 to a susceptor 2. In order to 
deliver a wafer 1 , without 4 not breaking a membrane formation chamber 
(process chamber) between the membrane formation chamber 4 and the 
exterior, but 5 breaking a vacuum, the prepared spare room, the wafer 
carrier-robot arm to which 6 delivers a wafer 1 between the membrane 
formation chamber 4 and the exterior, and 7 are porous nozzle heads 
which introduce gas in the membrane formation chamber 4 and by which 
many holes were formed in the front face, and spray reactant gas all over a 
wafer 1 . 



[0021 ] The gas supply system to which 8 supplies gas from the source of 
gas supply (not shown) to the porous nozzle head 7, The wafer cassette 
whose conveyance 9 contains the wafer 1 of predetermined number of 
sheets, and is enabled, A lamp for 10 to heat a susceptor 2, the lamp 
window where 1 1 was prepared in the wall of the membrane formation 
chamber 4 between a lamp 10 and a susceptor 2, The exhaust pipe with 
which 12 exhausts the gas in the membrane formation chamber 4 out of 
equipment, the end point detector with which 13 detects the termination 
time of membrane formation, The aperture by which 14 was formed in the 
wall of the membrane formation chamber 4 equipped with the end point 
detector 13, and 15 are particle monitors, and consist of laser radiation 
system 15a, detector 15b, and apertures 15c and 15d. 16 is the slit bulb 
which it is prepared in order to maintain the airtightness between the 
membrane formation chamber 4 and a spare room 5, and can be opened 
at the time of taking-out close [ of a wafer 1 ]. 31 is a terminal point 
detection control unit which outputs a control signal to each part of 
equipment based on a detection result while it inputs the minute particle 
number-of-counts signal which the particle monitor 15 outputs and 
detects the end point of plasma cleaning. 

[0022] Next, actuation is explained. After equipping a spare room 5 with 
the wafer cassette 9 first and intercepting a spare room 5 from the open 
air, the slit bulb 16 is opened and a spare room 5 and the membrane 
formation chamber 4 are made into this atmospheric pressure. The inside 
of the membrane formation chamber 4 is exhausted to the pressure of 
10mTorr(s) (about 1Pa) extent using the evacuation equipment which is not 
illustrated, for example, a mechanical booster pump. Subsequently, after 
laying a wafer 1 on the one-sheet ejection susceptor 2 from the wafer 
cassette 9 using the wafer carrier-robot arm 6, a susceptor 2 is raised and 
the shadow ring 3 is made to put on the periphery section of a wafer 1 . 
Since the temperature up of the susceptor 2 is beforehand carried out by 
the radiant heat of a lamp 10, the wafer 1 laid on the susceptor 2 reaches 
predetermined temperature (400-degreeC thru/or 500-degreeC) promptly 
by heat conduction from a susceptor 2. Reactant gas is sprayed on wafer 
1 front face from the porous nozzle head 7 in this condition, and a 
tungsten thin film is deposited. 

[0023] It explains using the example which makes up for the contact hole 



formed on the wafer 1 in the example of a tungsten membrane formation 
process with a tungsten (W). the gas which mixed mono-silane (SiH4) gas^ 
and 6 fluoride [ tungsten ] (WF6) gas by the ratio of 1 :3 in order to form 
the nucleus of a tungsten (W) on a wafer 1 first — carrier gas — an argon 
(Ar) — using — a wafer 1 top — for 30 seconds — or it supplies for 100 
seconds, next, the gas which 1 :5 came out of the gas, for example, 6 
fluoride [ tungsten ] (WF6) gas, and hydrogen (H2) of good conditions of 
step coverage (step coverage nature) comparatively, and was mixed — a 
wafer 1 top — for 50 seconds — or it supplies for 200 seconds. The good 
tungsten film of stopgap nature accumulates on the thickness which is 
about 0.5-1 .0 micrometers according to this process. After membrane 
formation termination, using the wafer carrier-robot arm 6, a wafer 1 is 
removed from a susceptor 2 and returned to a spare room 5. A series of 
(Tungsten W) membrane formation processes by the above are completed. 
[0024] In order that WF6 gas may pyrolyze [ with the tungsten CVD system 
concerning the gestalt 1 of this operation mentioned above ] also on the 
front face of a part with high temperature like conventional equipment 
among the configuration members of equipments, such as a front face of 
the shadow ring 3, a side face of a susceptor 2, and a wall of the 
membrane formation chamber 4, in addition to wafer 1 front face, the 
tungsten film accumulates there. If the tungsten film has accumulated on 
these members, since it is inconvenient to execution of the following 
tungsten membrane formation process, it is necessary to remove. 
Therefore, plasma cleaning is usually performed. 

[0025] Plasma cleaning introduces 3 nitrogen-fluoride (NF3) gas in the 
membrane formation chamber 4 immediately after processing one wafer 1 , 
generates the plasma, and etches and removes the tungsten film 
deposited on the configuration member front face of equipment by this 
plasma. It specifically lets the porous nozzle head 7 pass, and is NF3 in 
the membrane formation chamber 4. Gas is introduced, high-frequency 
voltage is impressed between the porous nozzle head 7 and a susceptor 2, 
and the plasma is generated. It is NF3 by this plasma discharge. Gas is 
decomposed, F radical (active species) is formed, and the tungsten film is 
etched, when this F radical reacts with a tungsten and generates an 
volatile tungsten fluoride. The generated tungsten fluoride is discharged 
out of the membrane formation chamber 4 through an exhaust pipe 12. 



[0026] With the gestalt 1 of this operation, detection of the end point of 
plasma cleaning is performed, when the terminal point detection control 
unit 31 observes serially the counted value of the minute particle which the 
particle monitor 15 counts. Drawing 2 is the graphical representation 
showing the example of observation of the number of counts of the minute 
particle which used and measured the particle monitor 15 at the time of 
plasma cleaning. In drawing, the elapsed time (second unit) and the axis 
of ordinate to which an axis of abscissa makes the starting point the time 
of the raising dust of a tungsten being observed are the minute particle 
number of counts (arbitration unit) in the particle monitor 15. Since the 
minute particle of a tungsten occurs with an volatile tungsten fluoride while 
the tungsten film remains to the wall and configuration member of the 
membrane formation chamber 4 in early stages of plasma cleaning so that 
drawing 2 may show, the raising dust of a tungsten is observed. The 
amount of raising dust of a tungsten increases from immediately after 
initiation of plasma cleaning, after it attaches a peak after a certain time 
amount progress, it starts to decrease, and it is no longer observed at all 
at a certain time. This is because generating (raising dust of a tungsten) of 
a tungsten minute particle is lost, when the tungsten film deposited on the 
wall of the membrane formation chamber 4 etc. is removed completely. 
[0027] If plasma cleaning is furthermore continued, the component of the 
membrane formation chamber 4, for example, the minute particle of 
alumina ceramics, will occur (raising dust of an alumina). With the gestalt 1 
of this operation, time amount change of the amount of raising dust under 
plasma cleaning which the terminal point detection control device 31 
counted with the particle monitor 15 is observed, and the time (from 
raising dust initiation to after [ The example of drawing 1 ] the progress 
during 30 seconds) of the first raising dust being lost, at i.e., the time of 
generating (raising dust of a tungsten) of the minute particle of a tungsten 
being lost, is judged as an end point. If an end point is judged, the 
terminal point detection control unit 31 will output a control signal, and will 
terminate plasma cleaning. 

[0028] With the gestalt 1 of this operation, the number of counts of the 
minute particle which the particle monitor 15 measures is used for 
detection of the end point of plasma cleaning. Thereby, the following 
advantage is acquired. That is, since the particle monitor 15 is attached in 



\ 



the exhaust pipe 12 located in the location distant from the exoergic 
sections, such as a susceptor 2, a temperature rise is small and Apertures 
15c and 15d cannot bloom cloudy easily. Since the particle monitor 15 
always operates normally as a result, the end point of plasma cleaning is 
correctly detectable. Therefore, while being stabilized over a long period of 
time, becoming detectable [ the end point of plasma cleaning ] and being 
able to lengthen the maintenance period of equipment, the operating ratio 
of equipment can be raised. 

[0029] In addition, although the gestalt 1 of operation mentioned above 
showed the example which applied this invention to the plasma cleaning in 
a tungsten CVD system, not only this but this invention is applicable to the 
process unit at large which is made to generate the plasma and performs 
etching and cleaning. For example, it is applicable to the membrane 
formation equipment of silicon oxide, a silicon nitride, the polish recon film, 
the tungsten silicide film, the aluminum film, and the tungsten film, or the 
plasma etching system of these film. 

[0030] Gestalt 2. drawing 3 of operation is drawing showing the 
semiconductor fabrication machines and equipment by the gestalt 2 of 
implementation of this invention, and shows other examples which applied 
this invention to the CVD system. In drawing A wafer 1, a susceptor 2, the 
shadow ring 3, the membrane formation chamber 4, a spare room 5, the 
wafer carrier-robot arm 6, the porous nozzle head 7, a gas supply system 
8, the wafer cassette 9, a lamp 10, the lamp window 1 1 , an exhaust pipe 
12, the end point detector 13, an aperture 14, Since the particle monitor 15, 
laser radiation system 15a, detector 15b, Apertures 15c and 15d, the slit 
bulb 16, and the terminal point detection control unit 31 are the same as 
the equipment of the gestalt 1 of the above-mentioned implementation 
shown in drawing 1 , the explanation is omitted. 

[0031] In addition to the equipment shown in drawing 1 , the tungsten 
CVD system concerning the gestalt 2 of this operation forms a latching 
valve 17 in an exhaust pipe 12. This latching valve 17 is formed between 
the membrane formation chamber 4 and the particle monitor 15, and it acts 
so that vacuum separation of the membrane formation chamber 4 and the 
particle monitor 15 may be carried out. Since the valve of the structure 
which does not bar passing of the minute particle which flies the inside of 
an exhaust pipe 12 from the membrane formation chamber 4 as a latching 



valve 17 is desirable, a gate valve and a ball valve are used, for example. 
[0032] Next, actuation is explained. Although the apertures 15c and 15d of 
the particle monitor 15 cannot bloom cloudy easily, in order to maintain 
equipment at the optimal condition, it is necessary to clean these apertures 
15c and 15d periodically. By closing a latching valve 17, cleaning of the 
apertures 15c and 15d of the particle monitor 15 is performed, where it 
separated the membrane formation chamber 4 and the particle monitor 15 
and the membrane formation chamber 4 is maintained at a vacuum. 
Thereby, since it is not exposed to atmospheric air, after cleaning of the 
apertures 15c and 15d of the particle monitor 15 is completed, the inside 
of the membrane formation chamber 4 can resume a latching valve 17, and 
can continue membrane formation processing of a tungsten promptly. 
Moreover, in case it maintains by carrying out atmospheric-air 
disconnection of the membrane formation chamber 4, when there is little 
apertures [ of the particle monitor 15 / 15c and 15d ] dirt, a latching valve 
17 is closed and evacuation of the particle monitor 15 is carried out. By 
this actuation, since oxidization of an Apertures [ 15c and 15d ] affix can 
be controlled, it is not necessary to clean the apertures 15c and 15d of the 
particle monitor 15 at the time of the maintenance of the membrane 
formation chamber 4. 

[0033] As mentioned above, according to the gestalt 2 of this operation, 
since the latching valve 17 was formed between the membrane formation 
chamber 4 and the particle monitor 15, it becomes possible to maintain the 
inside of the membrane formation chamber 4 at a vacuum during the 
maintenance of the particle monitor 15. Since it becomes possible to, start 
the equipment after maintenance termination immediately as a result, 
decline in the operating ratio of the equipment accompanying the 
maintenance of the particle monitor 15 can be stopped to the minimum. 
Moreover, since the cleaning frequency of equipment can be made low, 
the operating ratio of equipment can be raised. 

[0034] Gestalt 3. drawing 4 of operation is the fracture perspective view of 
the principal part of the CVD system by the gestalt 3 of implementation of 
this invention, and is set to drawing. 1 — a wafer and 2 — for a 
membrane formation chamber and 6, although an exhaust pipe, and 15 
and 18 are particle monitors, a susceptor and 3 a shadow ring and 4 [ a 
wafer carrier-robot arm and 1 1 ] [ a lamp window, and 12a and 12b ] 



Since these components are the same as the thing of the equipment 
concerning the gestalt 1 of the above-mentioned implementation shown in 
drawing 1 , detailed explanation is omitted. 

[0035] The CVD system concerning the gestalt 3 of this operation forms 
two or more exhaust pipes 12a and 12b in the membrane formation 
chamber 4, and forms the particle monitors 15 and 18 in each exhaust 
pipes 12a and 12b. Drawing 4 forms two exhaust pipes 12a and 12b in the 
membrane formation chamber 4, and shows the example which formed the 
particle monitors 15 and 18 to each exhaust pipes 12a and 12b. 
Furthermore, the CVD system concerning the gestalt 3 of this operation is 
equipped with the signal processor 21 which computes the location which 
the particle monitors 15 and 18 processed the raising dust signal which 
outputs the value which counted the minute particle number, and the 
raising dust in the membrane formation chamber 4 generated. 
[0036] Next, actuation is explained. If a location gap arises in case a 
wafer 1 is laid on a susceptor 2 using the wafer carrier-robot arm 6, when 
raising a susceptor 2 after that and putting the shadow ring 3 on a wafer 1 , 
a wafer 1 and the shadow ring 3 will wear and carry out raising dust. The 
minute particle which this generates rides the flow of process gas, and is 
exhausted. Since the rate of flow of process gas is fixed, if it sets to v the 
flying speed of the minute particle mentioned above, it can be considered 
that v is almost fixed. Time amount t1 to which the minute particle which a 
wafer 1 and the shadow ring 3 wear for which and generate at the time of 
the rise of a susceptor 2 flies even to two particle monitors 15 and 18 And 
t2 It can ask to be shown in drawing 5 on the basis of the rise time of day 
of a susceptor 2. 

[0037] The detecting signal (a) of the particle monitor 15 shown in 
drawing 5 and the detecting signal (b) of the particle monitor 18 are 
outputted to a signal processor 21. The signal processor 21 into which a 
detecting signal (a) and (b) were inputted pinpoints a raising dust source 
location by computing the intersection K with the circle C18 of radius t2 v 
centering on the installation location of the particle monitor 15 centering on 
the circle C15 of radius t1 v, and the installation location of the particle 
monitor 18, as shown in drawing 6 . If the location K which raising dust 
generates is pinpointed, the control section (not shown) of equipment will 
amend the location where the wafer carrier-robot arm 6 delivers a wafer 1 



so that the raising dust of the ** of a wafer 1 and the shadow ring 3 to 
exceed may not be canceled and carried out. Since a series of raising dust 
dissolution actuation mentioned above can be performed without breaking 
the vacuum of the membrane formation chamber 4, it can raise the 
operating ratio of equipment. 

[0038] As mentioned above, according to the gestalt 3 of this operation, 
two or more particle monitors 15 and 18 and signal processors 21 are used. 
When [ sudden at the time of wafer 1 delivery ] it rubs and raising dust 
occurs, a raising dust location is pinpointed from the difference in the 
raising dust detection time which each particle monitors 15 and 18 detect. 
Since it enabled it to cancel without breaking the vacuum of the membrane 
formation chamber 4 for ** accompanying delivery of a wafer 1 to exceed 
based on it, the operating ratio of equipment can be improved sharply. 
[0039] Gestalt 4. drawing 7 of operation is drawing showing the raising 
dust evaluation equipment by the gestalt 4 of implementation of this 
invention, and is set to drawing. The raising dust evaluation equipment 
which 100 requires for this invention, the stainless plate which has the 
magnetism to which 101 performed blasting processing using abrasive 
(member which has magnetism), For the susceptor (member deformation 
means) which supports the stainless plate 101 with which 102 has 
magnetism in the shape of a cantilever, and 103, as for a permanent 
magnet and 105, an electromagnet (member deformation means) and 104 
are [ residual abrasive and 106 ] stainless steel powder. In case the 
raising dust evaluation equipment concerning the gestalt 4 of this 
operation proofreads detection precision of a particle monitor, it is used as 
a generation source of the minute particle which the particle monitor 15 
detects. 

[0040] Next, actuation is explained. If a current is intermittently passed 
from a power source (not shown) on the electromagnet 103 formed in the 
raising dust evaluation equipment 100 concerning this invention shown in 
drawing 7 , magnetism will occur intermittently. If the free end of the 
stainless plate 101 which has the magnetism supported by this magnetism 
in the shape of a cantilever is made to attract and repel and is made to 
deform, the residual abrasive 105 will be emitted from the front face of the 
stainless plate 101 which has magnetism. The particle size of this residual 
abrasive 105 is prescribed by the particle size of the abrasive used for 



blasting processing. As residual abrasive 105, particle size uses what is 
within the limits of 1 to 20 micrometers in general. Therefore, the particle 
size of the residual abrasive 105 emitted from the front face of the 
stainless plate 101 which has magnetism will become almost uniform in 
general with the value within the limits of 1 to 20 micrometers. On the other 
hand, since the stainless steel powder 106 emitted to coincidence does 
not have homogeneity in particle size, it has removed by making it stick to 
a permanent magnet 104. 

[0041] In the raising dust evaluation equipment 100 concerning this 
invention shown in drawing 7 , it installs in the membrane formation 
chamber 4 of the semiconductor fabrication machines and equipment 
concerning the gestalt 1 of operation shown in drawing 1 , and if the pulse 
current of normal frequency is impressed to an electromagnet 103, 
convention number emission of the residual abrasive 105 with a uniform 
particle size will be carried out into unit time amount from stainless plate 
101 front face which has magnetism. Since the particle monitor 15 is 
passed when such residual abrasive 105 is discharged out of equipment 
through the inside of an exhaust pipe 12, the particle monitor 15 counts 
the number of the residual abrasive 105 which passes in unit time amount. 
The detection precision of the particle monitor 15 is proofread by adjusting 
sensibility so that the counted value may be restored to convention within 
the limits. 

[0042] as mentioned above — since it can operate in a vacuum or low- 
pressure process gas according to the gestalt 4 of this operation — the 
bottom of an actual operating environment — and since the particle of a 
particle size predetermined to the timing of arbitration can be generated, it 
becomes possible to proofread detection precision of the particle monitor 
15 in a high precision. 

[0043] In addition, although the gestalt 4 of the above-mentioned 
implementation showed the example using stainless steel as a member 
which performs blasting processing from viewpoints, such as corrosion 
resistance over corrosion prevention and process gas, even if it uses other 
corrosion resistance high magnetic materials, for example, a ferrite etc., 
there is same effectiveness. 

[0044] Although the flying speed v of a minute particle was constituted 
from a gestalt 3 of the gestalt 5. above-mentioned implementation of 



operation as equivalent to the rate of flow of process gas, it is generated 
also when the flying speed v of a minute particle differs from the rate of 
flow of process gas depending on the configuration of the membrane 
formation chamber 4, or the particle size of a minute particle. In this case, 
install the raising dust evaluation equipment 100 concerning this invention 
that showed two or more particle monitors 15 to drawing 7 in the 
semiconductor fabrication machines and equipment attached in the 
membrane formation chamber 4 in the location corresponding to the inner 
circumference top of the location 3 which it rubs and raising dust tends to 
generate, for example, a shadow ring, it is made to operate in pulse, and 
the flying speed v of a minute particle is amended by observing a 
generating particle with two or more particle monitors 15. The precision 
which pinpoints the generating location of the raising dust which this 
generates suddenly can be raised. 
[0045] 

[Effect of the Invention] Plasma etching [ according to invention 
according to claim 1 ] in an etching system, Or the particle number which 
the particle monitor which established the terminal point of the plasma 
cleaning in membrane formation equipment in the exhaust pipe which 
exhausts the gas in a process chamber generates at the time of plasma 
etching or plasma cleaning is measured. Since it constituted so that a 
terminal point detection control unit might observe and detect this 
measurement value by time series While becoming possible to be 
stabilized over a long period of time and to detect the end point of plasma 
cleaning and being able to lengthen the maintenance period of equipment, 
there is effectiveness which raises the operating ratio of equipment. 
[0046] According to invention according to claim 2, it becomes possible 
to maintain the inside of a process chamber at it during the maintenance 
of a particle monitor at a vacuum, since it constituted in the exhaust pipe 
between a process chamber and a particle monitor so that the latching 
valve which intercepts between these process chamber and particle 
monitors might be prepared. Since it becomes possible to, start the 
equipment after maintenance termination immediately as a result, there is 
effectiveness which can stop decline in the operating ratio of the 
equipment accompanying the maintenance of a particle monitor to the 
minimum. 



[0047] Since according to invention according to claim 3 it constituted as 
a latching valve so that a gate valve or a ball valve might be used, there is 
effectiveness which does not bar the flight of the minute particle from a 
process chamber. 

[0048] According to invention according to claim 4, two or more exhaust 
pipes are formed in a process chamber. Since it constituted so that it 
might have the signal processor which installs a particle monitor in each 
exhaust pipe, and computes a raising dust location based on the raising 
dust time-of-day detecting signal from two or more of these particle 
monitors Since it constituted so that a raising dust location might be 
pinpointed from the difference in the raising dust detection time which two 
or more particle monitors detect when [ which was sudden at the time of 
wafer delivery ] it rubbed and raising dust occurred In ** accompanying 
wafer delivery based on the specific result of a raising dust location to 
exceed, since the vacuum of a process chamber can be canceled without 
breaking, it is effective in the operating ratio of equipment improving 
sharply. 

[0049] Since according to invention according to claim 5 it constituted so 
that it might have the member which has the magnetism which carried out 
blasting processing of the front face using the abrasive of a predetermined 
particle size, and the member deformation means to which this member is 
made to deform into and residual abrasive is made to emit, since this 
raising dust evaluation equipment can operate in a vacuum or low- 
pressure process gas, it is under a real operating environment, and it can 
generate the particle of a particle size predetermined to the timing of 
arbitration. Therefore, there is effectiveness which can proofread detection 
precision of a particle monitor in a high precision. 

[0050] Since according to invention according to claim 6 it constituted so 
that it might have the susceptor which supports the stainless plate which 
uses stainless steel for the ingredient of the member which has the 
magnetism which carried out blasting processing of the front face, and has 
magnetism for a member deformation means in the shape of a cantilever, 
and the electromagnet the free end of a stainless plate is made 
[ electromagnet ] to attract and repel [ electromagnet ], it is effective in 
the high raising dust evaluation equipment of practicality being realizable 
with a simple configuration. 



[0051 ] According to invention according to claim 7, in the process 
chamber of the semiconductor fabrication machines and equipment 
concerning invention given [ of claim 1 to the claims 4 ] in any 1 term At 
least one raising dust evaluation equipment concerning invention 
according to claim 5 or 6 is installed. Since it constituted so that the flying 
speed of a particle might be proofread by operating this raising dust 
evaluation equipment in a vacuum or a predetermined process gas ambient 
atmosphere, generating many particles, and detecting these particles with 
a particle monitor When the flying speed of a minute particle differs from 
the rate of flow of process gas, Since the flying speed of a minute particle 
can be amended by observing the particle which installs raising dust 
evaluation equipment in the location corresponding to the location which it 
rubs and raising dust tends to generate, is operated in pulse, and is 
generated with two or more particle monitors It is effective in raising the 
precision which pinpoints the generating location of the raising dust 
generated suddenly. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing showing the semiconductor fabrication machines 
and equipment by the gestalt 1 of implementation of this invention, and the 
example which applied this invention to the CVD system is shown. 
[Drawing 2] It is the graphical representation showing the example of 
observation of the number of counts of the minute particle which used and 
measured the particle monitor 15 at the time of plasma cleaning. 
[Drawing 3] It is a semiconductor-fabrication-machines-and-equipment 
**** Fig. by the gestalt 2 of implementation of this invention, and other 
examples which applied this invention to the CVD system are shown. 
[Drawing 4] It is the fracture perspective view of the principal part of the 
CVD system by the gestalt 3 of implementation of this invention. 
[Drawing 51 It is drawing showing the detecting signal (a) of the particle 
monitor 15, and the detecting signal (b) of the particle monitor 18. 



[Drawing 61 It is drawing showing the example which computes the 
intersection K with the circle C18 of radius t2 v centering on the installation 
location of the particle monitor 15 centering on the circle C15 of radius t1 
v, and the installation location of the particle monitor 18. 
[Drawing 7] It is drawing showing the structure of the raising dust 
evaluation equipment by the gestalt 4 of implementation of this invention. 
[Drawing 8] It is the cross-section block diagram showing the 
conventional tungsten CVD system typically. 
[Description of Notations] 

1 A wafer, 4 A membrane formation chamber (process chamber), 12 An 
exhaust pipe, 15 particle monitor, 17 A latching valve, 21 A signal 
processor, 31 A terminal point detection control unit, 101 The stainless 
plate (member which has magnetism), 102 which have magnetism 
Susceptor (member deformation means), 103 Electromagnet (member 
deformation means). 



[Translation done.] 
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